AVIRISInflight Calibration Experiment Results for 2001

Robert O. Green and Betina Pavri
Jet Propulsion Laboratory, California Institute of Technology
Pasadena, California 91109

1.0 INTRODUCTION

The Airborne Visble/Infrared Imaging Spectrometer (AVIRIS) (1998a) is calibrated each year in
the laboratory (Chrien et al. 1990, 1995, 1996, 2000). To assess the validity of the laboratory calibration
in the flight environment, an inflight calibration experiment is conducted (Conel 1988, Green et a. 1990,
1992, 1993a, 1995, 1996, 1998b, 1999, 2000, 2001). For the inflight calibration experiment, a
homogeneous surface calibration target is designated where the surface spectral reflectance, atmospheric
aerosol and water vapor properties are measured. These measurements are used to predict the upwelling
radiance incident at the AVIRIS instrument aperture with radiative transfer model calculations. The
predicted radiance is compared and analyzed with respect to the AVIRIS measured radiance to understand
the state of the AVIRIS calibration in the flight environment. AVIRIS airborne data calibration is traced
to the laboratory measurements using the signal of the onboard calibrator (Green et a. 1993b). In 2001
the principal inflight calibration experiments occurred on February 7 at Salar de Arizaro, Argentina and
on June 6 at Rogers Dry Lake, California. The measurements and results of these inflight calibration
experimentsin 2001 are described in this paper.

2.0 ARGENTINA EXPERIMENT

AVIRIS was deployed on the Twin Otter aircraft platform to Argentina in January and February
2001 as part of science validation effort for the Hyperion spaceborne imaging spectrometer onboard the
NASA New Millennium EO-1 spacecraft. For inflight caibration validation of both Hyperion and
AVIRIS, the Salar de Arizaro, a high altitude dry salt lakebed, was selected. Salar de Arizaro is located
24 degrees south latitude and 67 degrees west longitude at an elevation of 3700 m in the Andes of
northwestern Argentina. Figure 1 shows a Landsat Thematic Mapper image of Salar de Arizaro with the
genera location of the calibration site indicted. Figure 2 shows a picture taken from the surface Salar de
Arizaro on February 6, 2001. The surface is bright and uniform at the meter scale and greater; however,
there is considerable microtopography reflectance variability at the 0.3-meter scale and finer.
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Figure 1. Landsat image of Salar de Arizaro Argentina Figure 2. A picture of the surface of Salar de Arizaro on

with the AVIRIS inflight calibration site indicated. February 6, 2001.



2.1 Surface Measurements

At the Salar de Arizaro calibration site, both surface and atmospheric measurements were acquired.
A calibration target was established with dimensions of 300 by 60 m on the dry salt lake surface. At each
end of the calibration target, demarcation tarps were placed to alow unambiguous location of the target in
the AVIRIS image data. Surface reflectance measurements were acquired with a field spectrometer
(Analytical Spectral Devices Inc., Full Range Spectrometer) in the period from 40 minutes before to 40
minutes after the AVIRIS overflight of the calibration target. A spectralon (Labsphere Inc.) reflectance
standard was measured at the beginning, middle, and end of each transect down the length of the
calibration target. The measured data were calibrated to reflectance using the spectralon target and a
bidrectional reflectance correction factor for the 35-degree solar zenith angle at the time of the data
acquisition. Figure 3 shows the average spectrum and the standard deviation and the standard deviation
of the average of the 1824 spectra measured. The spectral reflectance of the Salar de Arizaro calibration
target is exceptionally bright over the entire spectral range, however the microtopography induces large
spectrum-to-spectrum reflectance differences. Figure 4 shows the reflectance value at 900 nm for all
measured spectra and reveal s the extreme spectrum-to-spectrum variability of the surface. To assess the
effect of this variability, an average spectrum was calculated from all the odd spectra and all the even
spectra. These two average spectra agreed at the 0.002 reflectance level, indicating enough spectra were
measured for the average spectrum to accurately represent the reflectance of the calibration target. This
agreement is also consistent with the calculation of the standard deviation of average for the measured
spectra (Taylor 1982) and shows a knowledge of the average reflectance of the calibration target at the
0.002 reflectance level.

In addition to the surface reflectance, the atmospheric characteristics were measured with a sun
tracking solar radiometer (Professor John Reagan, University of Arizond). The solar intensity was
measured from sunrise through local solar noon in the 10 wavelength of the radiometer (370, 400, 440,
520, 620, 670, 780, 870, 940, 1030 nm). Figure 5 shows the measurements from this instrument at the
calibration target on Salar de Arizaro. These data were used to calcul ate the instantaneous optical depths
on February 7, 2001. Figure 6 shows the derived instantaneous optical depths for the 9 non water vapor
wavelength measurements. The measurement from 940 nm was used to estimate the water vapor (Bruege
et al. 1992, Reagan et a. 1987).
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Figure 3. Average reflectance spectrum for Salar de Arizaro on February 7, 2001. The standard
deviation and standard deviation of the average are shown as well.
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Figure 4. Reflectance at 900 nm for all 1824 measurements of the calibration target on Salar de
Arizaro. The surface microtopography causes large spectrum-to-spectrum variability.
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Figure 5. Measurements from the sun tracking solar radiometer at Salar de Arizaro on February 7, 2001.

2.2 AVIRIS Measurements

On February 7, 2001 at 14:22 UTC, AVIRIS acquired data over the calibration target on the Salar
de Arizaro. Figure 7 shows a georectified AVIRIS image that includes the calibration target. One of
demarcation tarps is evident immediately adjacent to the east-west road and the other south of the road.
From the AVIRIS measured data, the average calibrated radiance spectrum was extracted for the Salar de
Arizaro calibration target and is shown in Figure 8.
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Figure 6. Calculated instantaneous total optical depths for February 7, 2001 at Salar de Arizaro.
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Figure 7. AVIRIS image of calibration target on Salar de Arizaro.
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Figure 8. Average radiance spectrum measured by AVIRIS for the calibration target on Salar de Arizaro.



2.3 Modeed Radiance

To predict the radiance incident at AVIRIS over the calibration target, the MODTRAN radiative
transfer code (Berk et al. 1989, Anderson et a. 1995) was used. MODTRAN was constrained by the
latitude, longitude, elevation, and time as well as the surface spectral reflectance, optical depths, and
water vapor derived from the solar radiometer measurements. The MODTRAN mid-latitude summer
atmospheric model was used with visibility scaled to 100 km. This visibility gave the best agreement
between the measured total optical depths and the corresponding MODTRAN calculated total optical
depths. A water vapor amount of 8.13 precipitable mm was used based upon the solar radiometer
measurements at 940 nm wavelength. Carbon dioxide was constrained to a mixing ratio of 371 ppm by
the Mauna Loa values for February 2001 (Keeling and Whorf 2001). Ozone was constrained to 263
dobsin units by the Tota Ozone Mapping Spectrometer (TOMYS) satdlite instrument measurements
(McPeters 2001). Figure 9 shows the MODTRAN modeled radiance for AVIRIS over the calibration
target on February 7, 2001.

2.4 Results

To assess the inflight calibration of AVIRIS, the AVIRIS measured spectrum for the calibration
target was compared to the MODTRAN predicted spectrum. The comparison is shown in Figure 10. In
general, there is good agreement across the spectra ranges. This figure also shows aratio of the AVIRIS
spectrum to the MODTRAN spectrum. The features in the ratio result from a combination of
uncertainties that include: AVIRIS laboratory calibration, change in AVIRIS calibration in the flight
environment, the MODTRAN model, and the atmospheric and solar parameters internal to the
MODTRAN code. Overdl, the average absolute agreement between the MODTRAN and AVIRIS
spectra of the calibration target is 96 % excluding the regions of strong atmospheric absorption.

In addition to inflight radiometric calibration, the inflight radiometric precision of AVIRIS was
assessed.  Radiometric precision was calculated as the noise equivalent delta radiance (NEdL) for
AVIRIS on the Salar de Arizaro flight. The NEdL is calculated as the standard deviation of the AVIRIS
dark signal in units of radiance. For the Arizaro cdibration target data (and all AVIRIS data), the dark
signal was automatically measured immediately before and after the flight line data acquisition. Figure
11 shows the calculated AVIRIS NEdL for the Salar de Arizaro data set. The NEdL may be viewed as
the precision error bars in radiance due to the AVIRIS instrument for any measured radiance spectrum.
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Figure 9. MODTRAN modeled radiance for the Salar de Arizaro calibration target on February 7, 2001.



For bright signal targets, the NEdL increased due to the photon noise contributions to the uncertainty in
the measurement.

3.0 CALIFORNIA EXPERIMENT

On June 6, 2001, an AVIRIS inflight calibration experiment was conducted at a site on Rogers Dry
Lake, California. Rogers Dry Lakeis alarge silt composition playalocated 35 degrees north latitude and
117.8 degrees west longitude—about 2 hours drive north of Los Angeles. Figure 12 shows an AVIRIS
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Figure 10. AVIRIS measured and MODTRAN modeled radiance spectra for the calibration target on
Salar de Arizaro, Argentina.
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Figure 11. Calculated NEdL for AVIRIS in the flight environment over the calibration target of Salar de Arizaro.



image of the northern portion of Rogers Dry Lake,
Cdlifornia. The location of the surface calibration
target for the inflight calibration experiment is aso
shown.

3.1 Surface Measurements

A cdibration target was designated on the
surface of Rogers Dry Lake. The dimensions were
240 by 40 m with blue demarcation tarps placed on
the surface 20 m beyond each end of the long axis of
the target. Surface measurements of the calibration
target were acquired with field spectrometer
(Analytical Spectral Devices Inc.,, Full Range
Spectrometer). These measurements were acquired in
the period 30 minutes before and after the AVIRIS
overflight of the calibration target. A spectra

reflectance standard (Spectralon, Labsphere Inc.) was [

measured at the beginning, middle, and end of each
transect of the caibration target. The data were
reduced to surface reflectance with the spectra
reflectance standard and accommodation for the
bidirectional reflectance of the reflectance standard
for the 43-degree solar illumination zenith angle.

Figure 13 shows the average reflectance of the calibration target. Also shown are the standard deviation
and the standard deviation of the average for the 1029 measurements of the calibration target. The
standard deviation of the average is below 0.001 reflectance over the amost the entire spectral range.
This indicates excellent knowledge of the average reflectance of the calibration target. Figure 14 shows
the reflectance value for each spectrum at wavelengths of 500, 1000, 1500, and 2000 nm for all 1029
measurements. The spectrum-to-spectrum variation is small and consistent with the standard deviation of

the set of calibration target reflectance measurements.

Figure 12. AVIRIS image of the northern portion Rogers
Dry Lake, California acquired on June 6, 2001 with the
calibration target area indicated.
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Figure 13. Average reflectance of the Rogers Dry Lake calibration target measured on June 6, 2001. The
standard deviation and standard deviation of the average are shown for the 1029 measurements acquired as well.
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Figure 14. Reflectance values at wavelengths 500, 1000, 1500, and 2000 nm for the 1029 measurements of the
calibration target. Only small spectrum to spectrum variation is present confirming the homogeneity of the site.

In addition to the surface reflectance, a sun tracking solar radiometer was set up adjacent to the
calibration target to measure the atmospheric aerosol properties and atmospheric water vapor. On June 6,
2001 thisinstrument failed. Asafallback, measurements from the Aeronet (Holben et al. 1998) site at the
NASA Dryden Research Center on the western side of Rogers Dry Lake were used. Table 1 shows the
Aeronet aerosol optical depths and the calculated Rayleigh and total optical depths. A water vapor value
of 15.1 precipitable mm was also derived for the time of the AVIRIS overflight.

3.2 AVIRIS Measurements

AVIRIS acquired data over the calibration target on Rogers Dry Lake at 16:38:17 UTC on June 6,
2001. The demarcation tarps were identified in the AVIRIS data and the average radiance spectrum was
extracted for the calibration target. Figure 15 shows a portion of the AVIRIS image with the demarcation
tarpsin the center. Figure 16 showsthe average AVIRIS spectrum for the calibration target.

Table 1. Optical depths for June 6, 2001 at
Rogers Dry Lake, California

Optical Depth

Wa\(/r?lrﬁygth Aerosol | Rayleigh | Totd
340 0.105 0.64 0.74

380 0.078 0.40 0.48

440 0.051 0.22 0.27

500 0.047 0.13 0.17

670 0.033 0.039 0.073

870 0.026 0.013 0.040

1020 0.032 0.0073 0.039

Y el

Figure 15. A subset of the AVIRIS measured image that
shows the calibration target on the surface of Rogers Dry
Lake. The demarcation tarps are evident one above the

other in the center of the subset image.
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Figure 16. Average AVIRIS spectrum measured for the calibration target on Rogers Dry Lake, California, on June 6, 2001.

3.3 Modeled Radiance

The MODTRAN radiative transfer code was used to model the upwelling radiance incident at
AVIRIS over the Rogers Dry Lake calibration target. MODTRAN was constrained by the latitude,
longitude, elevation, and time as well as the measured surface reflectance, the optical depths and water
vapor determinations. A MODTRAN visibility of 150 km with the mid latitude summer atmospheric
model gave a good match with the in situ measured optical depths. Atmospheric carbon dioxide was
constrained to a mixing ratio of 371 ppm consistent with the Mauna Loa values for June 2001 (Keeling
and Whorf 2001). Ozone was constrained to 313 dobsin units by the TOMS satellite instrument
measurements (M cPeters 2001). Figure 17 shows the modeled upwelling radiance.
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Figure 17. MODTRAN modeled radiance for the AVIRIS inflight calibration experiment on Rogers Dry Lake,
California, on June 6, 2001.
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Figure 18. Comparison of the AVIRIS measured and MODTRAN modeled radiance spectra for the calibration
target on Rogers Dry Lake, California, on June 6, 2001.

3.4 Results

To assess the inflight calibration of AVIRIS the measured radiance is compared to the modeled
radiance. Figure 18 shows this comparison and a ratio of the AVIRIS measured to the MODTRAN
modeled spectrum. Exclusive of the strong water vapor absorption regions of the spectrum the average

absolute agreement is better than 96%.

The inflight radiometric precision of AVIRIS was assessed for June 6, 2001 inflight calibration
experiment. The NEdL was caculated as the standard deviation of the AVIRIS dark signal in units of

radiance. Figure 19 shows the calculated AVIRIS NEdL for this Rogers Dry Lake calibration
experiment.
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Figure 19. Calculated inflight dark signal NEdL for the June 6, 2001 calibration experiment.



40 CONCLUSION

The measurements, analyses, and results from two AVIRIS inflight calibration experiments of 2001
have been presented. The first experiment was conducted at 3700 m on the dry salt lake of Salar de
Arizaro, Argentina on February 7, 2001. This was the first ever calibration experiment at a site of this
dtitude. In general, smpler atmospheres are expected at higher altitudes. The surface reflectance of
Arizaro was also unusua with very high reflectance across the AVIRIS spectral range specificaly
including the blue portion of the spectrum. At the Arizaro calibration target, measurements of surface
reflectance, atmospheric optical depths, and water vapor were acquired. These measurements were used
to constrain the MODTRAN radiative transfer code and predict the radiance incident at AVIRIS at the
time of the AVIRIS overflight. Comparison of the AVIRIS measured and MODTRAN predicted
radiance showed an average absolute agreement of better than 96 percent exclusive of the strong
atmospheric water absorption bands. AVIRIS inflight precision was aso assessed through calculation of
the dark signal noise equivalent delta radiance. Noise equivalent delta radiance is the radiance
uncertainty due to the AVIRIS instrument.

A second AVIRIS inflight calibration experiment was conducted at Rogers Dry Lake, Californiaon
June 6, 2001. Surface measurements were acquired of the reflectance at atmospheric properties and used
to constrain the MODTRAN radiative transfer code and predict the radiance at AVIRIS. Comparison of
the AVIRIS measured to the MODTRAN predicted showed an average absolute agreement of better than
96 percent exclusive of the spectral regions of strong atmospheric water vapor absorption. The AVIRIS
inflight instrument precision uncertainty was calculated as the noise equivalent delta radiance.

The results from these two AVIRIS inflight calibration experiments are consistent with the
corresponding results of the past few years. There are a combination of factors that currently inhibit
matches between AVIRIS measurements and MODTRAN prediction much better than 96 percent. These
factors include: AVIRIS laboratory calibration, change in AVIRIS calibration in the flight environment,
uncertainty in the surface measurements, assumptions in the MODTRAN radiative transfer calculations,
and uncertainty in the solar and atmospheric parameters used within MODTRAN. It is hoped with
improvements to the AVIRIS onboard calibrator and improvements to the MODTRAN constraining
atmospheric and solar parameters, the level of agreement will improve.

5.0 REFERENCES

Anderson, G. P., J. Wang, and J. Chetwynd, “An Update and Recent Validations Against Airborne High Resolution
Interferometer Measurements,” Summaries of the Fifth Annual JPL Airborne Earth Science Workshop, JPL
Publication 95-1, Vol. 1, AVIRIS Workshop, Jet Propulsion Laboratory, Pasadena, California, January 23—
26, 1995.

Berk, A., L. S. Bernstein, and D. C. Robertson, “MODTRAN: A Moderate Resolution Model for LOWTRAN 7,”
Final Report, GL-TR-0122, AFGL, Hanscomb AFB, M Aassachusetts, 42 pp., 1989.

Bruegge C. J., J. E. Condl, R. O. Green, J. S. Margolis, R. G. Holm et &, “Water vapor column abundance retrievals
during fire,” Journal of Geophysical Research Atmospheres, 97(D17) 1875918768, 1992.

Chrien, T. G., R. O. Green, and M. Eastwood, “Laboratory spectral and radiometric calibration of the Airborne
Visible/Infrared Imaging Spectrometer (AVIRIS),” SPIE, Vol. 1298, Imaging Spectroscopy of the Terrestrial
Environment, 1990.

Chrien, T. G., R. O. Green, C. Chovit, M. Eastwood, J. Faust, P. Hajek, H. Johnson, H. |. Novack, and C. Sarture,
“New Calibration Techniques for the Airborne Visible/Infrared Imaging Spectrometer (AVIRIS), 1995,”
Proc. Fifth Annual Airborne Earth Science Workshop, JPL Publication 95-1, Jet Propulsion Laboratory,
Pasadena, California, 1995.

Chrien, T. G., R. O. Green, C. J. Chovit, M. L. Eastwood, and C. M. Sarture, “Calibration of the Airborne
Visible/Infrared Imaging Spectrometer in the Laboratory,” Proc. Sxth Annual Airborne Earth Science
Workshop, JPL Publication 96-4, VVol. 1, Jet Propulsion Laboratory, Pasadena, California, March 3-5, 1996.

Chrien, T. G., R. O. Green, D. Cohen, B. Pavri, J. Wall, and C. Sarture, “Predicted Accuracy and validation of the
AVIRIS Radiometric Calibration Standard,” Proc. Ninth Airborne Earth Science Workshop, JPL Publication
00-18, Jet Propulsion Laboratory, Pasadena, California, 2000.



Conel, J. E., R. O. Green, R. E. Alley, C. J. Bruegge, V. Carrere, J. S. Margolis, G. Vane, T. G. Chrien, P. N. Slater,
S. F. Biggar, P. M. Teillet, R. D. Jackson, and M. S. Moran, “In-Flight Radiometric Calibration of the
Airborne Visible/Infrared Imaging Spectrometer (AVIRIS),” SPIE, Vol. 924, Recent advances in sensors,
radiometry and data processing for remote sensing, 1988.

Green, R. O., J. E. Condl, V. Carrere, C. J. Bruegge, J. S. Margolis, M. Rast, and G. Hoover, “In-flight Validation
and Calibration of the Spectral and Radiometric Characteristics of the Airborne Visible/Infrared Imaging
Spectrometer (AVIRIS),” Proc. SPIE Conference on Aerospace Sensing, |maging Spectroscopy of the
Terrestrial Environment, Orlando, Florida, April 16-20, 1990.

Green, R. O., J. E. Condl, C. J. Bruegge, J. S. Margalis, V. Carrere, G. Vane, and G. Hoover, “In-flight Calibration
of the Spectral and Radiometric Characteristics of AVIRISin 1991,” Summaries of the Third Annual JPL
Airborne Geoscience Workshop, JPL Publication 92-14, Vol. 1, pp. 1-4, Jet Propulsion Laboratory, Pasadena,
Cdlifornia, 1992.

Green, R. O., J. E. Conel, M. Helminger, J. van den Bosch, C. Chovit, and T. Chrien, “Inflight Calibration of
AVIRISin 1992 and 1993,” Summaries of the Fourth Annual JPL Airborne Geoscience Workshop, JPL
Publication 93-26, Vol. 1, Jet Propulsion Laboratory, Pasadena, California, October 25, 1993a.

Green, R. O., “Use of Data from the AVIRIS Onboard Calibrator,” Summaries of the Fourth Annual JPL Airborne
Geoscience Workshop, JPL Publication 93-26, Vol. 1, Jet Propulsion Laboratory, Pasadena, California,
October 25, 1993b.

Green, R. O., J. E. Conel, M. Helmlinger, J. van den Bosch, and P. Hgjek, “In-Flight Radiometric Calibration of
AVIRISin 1994,” Proc. of the Fifth Annual JPL Airborne Earth Science Workshop, JPL Publication 95-1, Jet
Propulsion Laboratory, Pasadena, California, January 23-26, 1995.

Green, R. O., Condl, J. E., Margalis, C. Chovit, and J. Faust, “In-Flight Calibration and Validation of the Airborne
Visible/Infrared Imaging Spectrometer (AVIRIS),” Proc. Sixth Annual Airborne Earth Science Workshop,
JPL Pub. 96-4, Vol. 1, Jet Propulsion Laboratory, Pasadena, California, March 3-5, 1996.

GreenR. O., B. Pavri, J. Faust, O. Williams, and C. Chovit, “Inflight Validation of AVIRIS Calibration in 1996 and
1997,” Proc. Seventh Airborne Earth Science Workshop, JPL Pub. 97-21, Val. 1, pp. 193-205, Jet Propulsion
Laboratory, Pasadena, California, 1998a.

Green, R. O., M. L. Eastwood, and C. M. Sarture, “Imaging Spectroscopy and the Airborne Visible Infrared Imaging
Spectrometer (AVIRIS),” Remote Sens Environ 65: (3) 227-248 SEP 1998b.

Green, R. O,, B. Pavri, J. Faust, C. Chovit, and O. Williams, “AVIRIS In-Fight Radiometric Calibration Results for
1998,” Proc. Eighth Airborne Earth Science Workshop, JPL Publication 99-17, Vol. 1, pp. 161-175, Jet
Propulsion Laboratory, Pasadena, California, 1999.

Green, R. O., and B. Pavri, “AVIRIS Inflight Calibration Experiment, Measurements, Analyses and Results,
Sensitivity Analysis and Intraflight Stablity,” Proc. Ninth Airborne Earth Science Workshop, JPL Publication
00-18, pp. 207-222, Jet Propulsion Laboratory, Pasadena, California, 2000.

Green, R. O., and B. Pavri, “AVIRIS Inflight Calibration Experiment Measurements, Analyses and Results,” Proc.
Tenth Airborne Earth Science Workshop, JPL Publication 02-01, pp. 205-219, Jet Propulsion Laboratory,
Pasadena, California, 2001.

Holben B. N., T. F. Eck, I. Slutsker, D. Tanre, J. P. Buis, A. Setzer, E. Vermote, J. A. Reagan, Y. Kaufman, T.
Nakajima, F. Lavenu, I. Jankoviak, and A. Smirnov, “AERONET-A Federated Instrument Network and Data
Archive for Aerosol Characterization,” RSE, 66, 1-16, 1998.

Keeling, C. D., and T. P. Whorf, 2001, “ Atmospheric CO? concentrations (ppmv) derived from in-situ air samples
collected at Mauna Loa Observatory, Hawaii,” Scripps Institution of Oceanography (SIO), University of
Cadlifornia, La Jolla, California USA 92093-0244, http://cdiac.esd.ornl.gov/ftp/maunal oa-co2/maunal oa.co2

McPeters, R. D., 2001, EarthProbe/TOMS data set, NASA/GSFC TOMS Ozone Processing Team (OPT), Code 916,
NASA Goddard Space Flight Center, Greenbelt, Maryland 20771,
ftp://toms.gsfc.nasa.gov/pub/eptoms/i mages/gl obal /y2001/et010207.gif and
ftp://toms.gsfc.nasa.gov/pub/eptoms/i mages/gl obal /y2001/et010606.gif, 2001.

Reagan, J. A., K. Thome, B. Herman, and R. Gall, “Water Vapor Measurements in the 0.94 Micron Absorption
Band: Calibration, Measurements and Data Applications,” Proc. IGARSS, Ann Arbor, Michigan, May 18-21,
1987.

Taylor, J. R., An Introduction to Error Analysis, Oxford University Press, p. 270, 1982.



6.0 ACKNOWLEDGMENTS

The research for this paper was carried out at the Jet Propulsion Laboratory, California Institute of
Technology, Pasadena, California, under a contract with the National Aeronautics and Space
Administration. The Aeronet measurements were provided from the Dryden Research Center research
site, which operates under the leadership of Jeannette van den Bosch.



